Background: Adverse events (AEs) are unintended consequences of healthcare management that result in temporary or permanent disability, death or prolonged hospital stay. The incidence of AEs has been reported to be higher in surgical specialties compared to medical specialties but information on the incidence of AEs in gynaecology is sparse.
INTRODUCTION
In the medical sciences, adverse events (AEs) are unintended injuries that result in temporary or permanent disability, death or prolonged hospital stay and are caused by healthcare management rather than by the patient's underlying disease process.
1-3
Common examples of AEs include events related to: (i) surgical procedures; (ii) the administration of medication; (iii) missed, delayed or inappropriate diagnosis; and (iv) events associated with nursing and allied health care. Some suggest that preventable AEs are the consequence of medical error.
1,3-5
The Harvard Medical Practice Study published in 1991 reported the incidence of AEs in 51 hospitals in New York.
1 Two extensive investigations using the methods based on the Harvard Medical Practice Study subsequently followed. Thomas Australia. 3 Based on the findings of the Harvard Medical Practice
Study and the Utah and Colorado study, an Institute of Medicine report was published in 1999. 6 The report described an incidence of 44 000-98 000 deaths annually in the USA due to AEs. The report became one of the most frequently cited publications and triggered a worldwide trend of investigating AEs. Studies have been published from countries including the UK, New Zealand, Canada, the Netherlands, Spain, Sweden, Brazil, Iran and Ireland to name a few, with the incidence of AEs reported to range from 5.7% to 12.9%.
7-15
The original objective of the Harvard Medical Practice Study and the Utah and Colorado study was the reduction of malpractice claims and litigation against healthcare providers. Both studies investigated the incidence of negligence, defined as care that fell below the standard expected of physicians in their community. The reported incidence of AEs is higher in surgical than in medical specialties. 1, 7, 9, 10, 17 Accordingly, surgery-related
AEs are the biggest contributor to all AEs, comprising 34.2-54.2%. [1] [2] [3] 9, 10, 12, 13 In recent times, the topic of AEs in the surgical sciences attracted considerable attention, which has resulted in multiple publications including a systematic review.
18-23
However, very limited evidence is known about the incidence of AEs, its associated mortality and its preventability in gynaecology.
The aim of our study was to report the incidence of AEs as well as their preventability and mortality among gynaecological hospital admissions.
MATERIALS AND METHODS
This systematic review was conducted and reported according to the preferred reporting items for systematic reviews and metaanalysis: the PRISMA statement.
24,25
A systematic search of the PubMed, EMBASE, and CINAHL electronic medical databases was performed (Appendix S1).
Search terms included those corresponding to AEs, patient safety and medical errors combined with terms describing gynaecology or hospital setting. We excluded publications referring to incidents that were not associated with AEs. Population-based studies published in peer-reviewed journals in the English language were identified. No publication date or publication status restrictions were imposed. A manual cross-reference search of the eligible papers was performed to identify additional relevant articles.
Two reviewers (KT, LE) independently screened the abstracts and titles generated by the search to identify potentially relevant articles. They then independently assessed the full articles for inclusion using predefined eligibility criteria. Eligibility criteria included that they were original studies in which AEs were defined, and incidence, preventability or mortality of AEs among all gynaecological hospital admissions were reported. Hospital admissions were that of more than 24-h stay and exclude day-only admissions, regardless of their age, diagnosis, whether it was elective or emergency admission, or whether they received expectant, medical or surgical treatment. Therefore, they were not specific to particular conditions or treatments. Non-original research (systematic reviews and meta-analyses), descriptive studies (eg narrative reviews, case reports, expert opinion, letter to the editor) and duplicate publications were excluded from this review.
Non-agreements about inclusion were resolved in a consensus meeting. The outcomes of the present study were the incidence, preventability and mortality of AEs.
Quality assessment of study method was performed based on three perspectives: the selection of the study groups; the comparability of the groups; and the ascertainment of outcome, using the Newcastle-Ottawa Scale. 26 The total number of gynaecological cases, the incidence, preventability and mortality of AEs were extracted from each included study. Raw data were used whenever possible, and percentages were calculated. One review author (KT) extracted the raw data, which was checked by the second author (RA). Non-agreements were resolved by consensus discussion.
Pooled estimates for all outcomes of interest were calculated using an inverse-weighted average of the individual studies and estimates were reported alongside the corresponding 95% confidence intervals; I 2 statistics were used to assess between-studies statistical heterogeneity, which describes the proportion of total variation in study estimates due to heterogeneity. Statistical analyses were conducted using Stata Version 14.1 (StataCorp, College Station, TX, USA).
RESULTS
The initial database search identified 2217 articles published between 1951 and 2017. A total of 237 duplicates and 1931 records were removed after screening of the titles and abstracts ( Fig. 1 ).
Of the remaining 49 records, 47 were excluded after the full-text articles were reviewed and the inclusion and exclusion criteria were applied. In addition, hand-searching of the reference lists of potentially relevant articles identified one other record published by Matsaseng et al. 27 Therefore, three articles in total were included in the systematic review herein.
Characteristics of the included studies are presented in Table 1 . 3, 10, 27 All three studies used identical definitions of an AE.
1
The Quality in Australian Health Care Study 3 and the Dutch study 10 used a three-stage review process. In the first stage, the medical records were screened by nurses for the presence of criteria known to indicate an AE. Then the marked records were independently reviewed by two physicians to determine whether an AE had occurred and whether the AE had been preventable. A third reviewer was involved to obtain a consensus if there was no agreement.
A six-point scale was used to determine whether the injury was caused by health care or the disease process (Appendix S2).
Causation scores of ≥2 were classified as AEs in the Quality in Australian Health Care Study, 3 whereas ≥4 were classified as AEs in the Dutch study. 10 The degree of preventability was also measured on a six-point scale in these two studies, and AEs with a preventability score of ≥4 were defined as preventable. Both of these retrospective studies reported the incidence of AEs among all admissions in a number of hospitals. Data for gynaecological admissions were obtained.
The third study, from a tertiary referral centre in South Africa, was a nine-months prospective cohort study. 27 This study listed types of avoidable errors/factors adapted from the Harvard Medical Practice Study 28 in the methods section.
The Quality in Australian Health Care Study did not report the total number of gynaecological hospital admissions, 1 therefore the incidence of AEs could not be calculated. (Table 2 ) Of 134 AEs related to gynaecological hospital admissions, 51% of AEs were preventable and there were no cases of deaths due to AEs. 1 The Dutch study reported a 4.7% incidence rate of AEs and preventability of 50.0% in 135 gynaecological hospital admissions. 10 The proportion of AEs in gynaecology that was associated with death was not reported. The South African study was specific to a gynaecology service; it reported 1866 admissions and 11.7% incidence rate of AEs, of which 52% were preventable and 17.7% were associated with deaths.
27
All three included studies scored ≥7 on the Newcastle-Ottawa
Scale and therefore were considered to be high-quality studies.
A meta-analysis of these studies showed that incidence of AEs in gynaecological hospital admissions was 10.8%
(95% CI 9.4-12.1%), preventability was 52.5% (95% CI 47.3-57.7%), and mortality was 1.2% (95% CI 0-2.5%), presented in Figure 2 .
F I G U R E 1 PRISMA (preferred reporting items for systematic reviews and meta-analysis) flow diagram for study retrieval and selection process. 10 were retrospective in nature and were limited by voluntary reporting bias. 32 They minimised inter-observer variability by following standardised protocols for data collection in which study personnel were trained. However, these two studies had a relatively small number of gynaecological cases and thus may not be a true representation of our target population due to greater sampling variation. In contrast, all gynaecological admissions in the South African study 27 were included prospectively and therefore were not prone to selection bias.
However, the data may have been subject to observer bias, particularly when deciding whether an AE was preventable, as only one study personnel/researcher reviewed the medical records.
Overall, the incidence of AEs in gynaecological hospital admissions was 10.8% (95% CI 9.4-12.1%), ranging from 4.7% to 11.8%. This is comparable to 14.4% incidence of AEs in general surgical inpatients reported by a recent systematic review. 23 The lower incidence rate of 4.7% found in the Dutch study is partly due to their definition of AEs.
The Dutch study 10 used causation scores ≥4, whereas the Quality in Australian Health Care Study 3 used a lower causation score. The South African study, reporting a higher incidence rate of 11.8%, did not use a causation score but was conducted at a tertiary teaching university hospital, 27 consistent with teaching hospitals generally reporting a higher incidence of AEs. 9, 10 Moreover, the South African study centre included gynaecological oncology and urogynaecology patients who tend to be older and have more co-morbidities. This may represent a higher likelihood of incidence of AEs in this patient cohort as increasing age is a well-established risk factor for AEs. 1, 3, [8] [9] [10] [11] [12] Noticeably, the preventability of AEs in gynaecology was similar across the three studies at 50-52%. This is comparable to previously reported preventability of AEs among hospitalised patients of 36.9-72.5%. 3, 7, [9] [10] [11] [12] [13] [14] [15] [16] Preventability can only be assessed Our study is the first systematic review and meta-analysis on the incidence of AEs in gynaecology. The strengths of this review include an up-to-date and comprehensive literature search strategy.
Eligibility criteria were clearly defined and the definitions of an AE were uniform. Findings of our study are limited by the quantity and quality of available evidence. Firstly, there was methodological diversity among the three included studies due to variability in study design, and I 2 statistics showed high between-studies heterogeneity in the incidence and mortality of AEs. Secondly, there was no information available regarding characteristics of gynaecological patients in the Australian and the Dutch study, 3, 10 and it is possible that there was variability in the patients. Finally, the incidence and mortality of AEs in gynaecological hospital admissions was reported in two papers, and the mortality showed a wide range which is most likely due to the difference in the study settings.
Based on the findings of this systematic review, we recommend that future studies on AEs follow the most established method of assessing AEs, which originate from the Harvard Medical Practice Study. 1 We suggest future studies adopt the Harvard Medical Practice Study 1 definition of an AE, collect data using the three-stage retrospective medical record review with a six-point scale causation and preventability score, and categorise the outcomes into prolonged F I G U R E 2 Meta-analysis on the incidence, preventability and mortality of adverse events (AEs) in gynaecological hospital admissions. 
